This report describes a 3-year-old male castrated Mastiff dog that died unexpectedly with locally extensive, acute, necrotizing myocarditis and myocardial infarction. Intralesional protozoal tachyzoites in the affected myocardium were confirmed to be Neospora caninum by a novel multiplex polymerase chain reaction (PCR) and immunohistochemistry. Protozoal organisms were not identified in other tissues by histology, immunohistochemistry, or PCR. The multiplex PCR assay was used to quickly provide preliminary results on fresh myocardium to differentiate N. caninum and Toxoplasma gondii. Neosporosis is an uncommon cause of myocarditis in adult dogs and differential diagnoses for myocarditis in this population of dogs are reviewed.
Neospora caninum is an obligate intracellular protozoan with worldwide distribution, of the family Apicomplexa, genus Sarcocystidae. Neospora caninum causes sporadic disease in dogs and is an important cause of abortion in cattle. 3 Other domestic ruminants, as well as cats, pigs, mice, and horses, have been naturally and experimentally infected, but natural infection of these species is uncommon. 19 In 1998, dogs were identified as a definitive host for N. caninum, which has a heteroxenous life cycle very similar to the closely related Toxoplasma gondii. 15 Neospora caninum most often causes progressive, ascending hindlimb paresis and paralysis, polyradiculitis and polymyositis in young, transplacentally infected dogs. Neosporosis is reported to cause disease sporadically in adult dogs, some of which are immunosuppressed by exogenous therapy or other systemic diseases. 9, 12 In adult dogs infected with N. caninum, meningomyeloencephalitis is most commonly reported, but myocarditis, sudden death, polymyositis, dermatitis, pneumonia, and multifocal dissemination are also reported. [7] [8] [9] 16, 19 A 3.5-year-old, male castrated Mastiff dog was referred to the Cornell University Hospital for Animals in October 2003 after a single episode of vomiting followed by protracted retching and dyspnea. The dog had no history of travel outside of New York State but had access to a wooded area near the owner's home. The dog had been previously diagnosed with generalized demodicosis at 6 months of age. Treatment with oral ivermectin at a dose of 0.3 mg/kg/day had been ongoing since the age of 18 months, with apparent clinical resolution of disease.
The dog presented quiet, but alert, normothermic (38.9ЊC), tachycardic (HR ϭ 120 bpm), and panting. Physical examination and abdominal and thoracic radiographs were within normal limits. The owners declined further diagnostic tests or hospitalization and elected to take the dog home for ob-servation. Famotidine (0.5 mg/kg) was administered subcutaneously at the time of discharge and a bland diet was instituted following 24 hours of food and water restriction. The dog appeared to be improving over the next few days, according to the owners. The dog was found dead at home by the owners 3 days following initial presentation.
A complete necropsy was performed and a 6 ϫ 3 ϫ 1.2 cm raised, mottled red and white, transmural infarct was present at the apex of the right ventricular free wall ( Fig. 1 ). In the papillary muscle of the free wall of the left ventricle, a similar infarct measured 1 ϫ 1 ϫ 1 cm. Multifocal, irregular, small, firm, pale, raised subendocardial lesions were present in the right auricle and right ventricular free wall. Approximately 30 ml of cloudy, pale red fluid was present in the pericardial sac. The liver was diffusely, moderately friable and congested, consistent with chronic passive congestion. No other lesions were observed grossly.
A multiplex polymerase chain reaction (PCR) for the differential diagnosis of T. gondii and N. caninum, described previously, 20 was used at the time of the gross necropsy to initially evaluate the myocardium for the presence of these agents. The multiplex PCR reaction was designed to amplify distinct bands for canine ferritin (internal control), T. gondii, and N. caninum. Positive PCR controls included canine genomic DNA, T. gondii genomic DNA, and N. caninum genomic DNA. Negative controls included myocardial tissue from 1 age-and sex-matched control dog (dog 2) that died spontaneously secondary to trauma and a 7-year-old female spayed dog (dog 3) that was euthanized following diagnosis of intestinal carcinoma. In addition, a sterile water sample extracted in parallel with the clinical samples and a routine negative control using sterile water as the PCR template were included in each reaction. DNA was extracted from fresh tissue (heart, dog 1), formalin-fixed, paraffin-embedded tissue (brain, liver, and skeletal muscle, dog 1) or frozen tissue (heart, dogs 2 and 3) using a conventional DNA extraction kit. a PCR reactions were carried out in a 50-l final volume, with 8 l of the reaction analyzed by electrophoresis on a 1.5% agarose gel. Bands were visualized under ultraviolet light after incorporation of ethidium bromide. Myocardium from the Mastiff dog was positive for both N. caninum and canine ferritin DNA (Fig. 2 ). Positive controls for canine ferritin, T. gondii, and N. caninum produced PCR products of the expected size, while tissue from both control dogs produced canine ferritin PCR products only. The sterile-water negative control, extracted in parallel with the clinical samples, was free of PCR amplicons, as was the routine water negative control.
Formalin-fixed, paraffin-embedded samples of all 4 chambers of the heart, liver, lung, tongue, semitendinosus skeletal muscle, kidney, and brain were sectioned 4 m thick and stained with hematoxylin and eosin for histologic examination. In the right ventricle, the infarct described grossly was pale, sharply demarcated from the adjacent myocardium, and expanded by edema, thick, interwoven bands of fibrovascular connective tissue with extensive loss of myocardial fibers. Infrequent oval intracytoplasmic parasitophorous vacuoles were present throughout the lesion, each containing dozens of 1-ϫ 3-m lunate-shaped tachyzoites (Fig. 3) . Large numbers of perivascular to interstitial neutrophils, lymphocytes, and plasma cells were present throughout the affected area. The infarct in the left papillary muscle was similar. The multifocal subendocardial lesions of the right ventricle and auricle were composed of spicules of osseous and chondroid metaplasia within the endocardium and the adjacent myocardium. Mild interstitial nonsuppurative myo-carditis focally extended to the endocardial surface in 1 of these lesions.
Mild, multifocal lymphoplasmacytic inflammation was present in the portal tracts of the liver, in the cortical interstitium of the kidneys, the skeletal muscle, and focally in the white matter of the cerebrum, though no protozoal cysts were observed in these tissues.
Immunohistochemical (IHC) staining for N. caninum was performed using a murine monoclonal antibody 6G7 obtained from Dr. David Lindsay. b,6 An automated stainer c was used to perform IHC, with a 1 : 2 dilution of the primary antibody, goat anti-mouse IgG secondary antibody, c and commercially available chromogen detection kit per the manufacture's directions. d Tachyzoites, ranging from 1 ϫ 3 to 1 ϫ 5 m, within poorly defined, intracytoplasmic, parasitophorous vacuoles, stained strongly positive (Fig. 4 ). Approximately 3-4 infected myocardiocytes were present within each 1-ϫ 2-cm section of myocardium examined. Immunohistochemical staining for N. caninum in the brain, liver, and skeletal muscle was negative, as was IHC for T. gondii on sections of heart, brain, skeletal muscle, and liver. Staining for T. gondii was performed using a commercially available rabbit polyclonal antibody e diluted 1 : 20, antigen retrieval by microwave treatment in pH 6.0 citrate buffer, goat anti-rabbit secondary antibody, c and the same automated stainer b and commercially available chromogen detection kit. d Myocarditis associated with Neospora caninum has been previously reported in a Mastiff dog, 16 but it is a rare cause of myocarditis in domestic animals. Clinical disease due to N. caninum is most commonly reported in cattle, where it is an important cause of abortion. 3 In dogs, N. caninum is an uncommon cause of clinical disease, and neosporosis most commonly manifests as neurologic and musculoskeletal disease in very young dogs. 7, 8, 19 Differential diagnoses for myocarditis and myocardial infarction in the dog include nutritional, toxic, and immunemediated causes, in addition to the more common infectious etiologies. Nutritional and toxic causes of myocarditis are rare and include deficiencies of carnitine or thiamine and thallium rodenticide toxicity, now largely an historical etiology. 18 Immune-mediated cardiac abnormalities are even more rare, with only polyarteritis nodosa (periarteritis nodosa) reported to cause myocarditis or myocardial infarction. 18 Complete heart block has been associated with sys-temic lupus erythematosus in a dog, but no histology was reported. 14 Infectious causes of myocarditis are more numerous and include bacteria, fungi, viruses, rickettsia, and protozoa, such as Trypanosoma cruzi, N. caninum, Sarcosporidia spp., and T. gondii. 1 Bacterial and fungal infections seldom cause myocarditis as an isolated lesion, but bacteria most often implicated in myocarditis in dogs include Staphylococcus species, Streptococcus species, and, less commonly, Mycobacterium species. 4, 5, 18 Mycotic myocarditis is very rare and usually occurs as part of a disseminated infection, with Aspergillus and Mucor species isolated most frequently. 11, 18 Rickettsia species occasionally cause canine myocarditis. 2 Myocarditis associated with Bartonella infection is an emerging disease entity affecting dogs of any age, with exposure to ticks considered a primary means of infection. Bartonella vinsonii subsp. berkhoffi is the species most often isolated from cases of bartonellal myocarditis, and published cases have thus far been limited to the southeastern United States. 2 Borrelia burgdorferi has been reported to cause myocarditis as well. 10 Myocarditis associated with canine parvovirus-2 has been reported, and, while dogs of any age may be infected, parvoviral myocarditis is most common in dogs less than 8 weeks of age. 17, 18 Experimentally, canine herpes virus may cause myocarditis in young puppies, and canine distemper virus infection is associated with a degenerative myocardial lesion in the same age group. 18 Recently, West Nile Virus has been reported to cause nonsuppurative myocarditis in a dog and a wolf pup. 13 American trypanosomiasis in dogs is restricted to the southern United States, where the North American insect vectors, Triatoma spp., are found. Trypanosoma cruzi usually affects younger dogs, and lesions in acute disease are usually restricted to the myocardium, with severe necrotizing myocarditis. 1 Toxoplasma gondii infection has also been reported to produce myocarditis in dogs, but it is believed that, prior to immunohistochemical evidence, the organisms in these cases may have been confused morphologically with N. caninum infection. 9 The 3-year-old male castrated Mastiff dog described in this report had a locally extensive, acute, necrotizing myocarditis with myocardial infarct and intracellular tachyzoites identified as N. caninum by a rapid PCR test on fresh tissue and confirmed by IHC on formalin-fixed, paraffin-embedded tissue. This is the second reported case of Neospora-associated necrotizing myocarditis in an adult Mastiff dog. 16 As a juvenile, this dog had been diagnosed and treated for generalized juvenile demodicosis, the pathogenesis of which is thought to have a heritable, immune component. 21 The presence of a previous parasitic infection associated with an illdefined immune deficiency in this dog combined with the lesions found at necropsy and the previous report of a nearly identical lesion in another young adult Mastiff, 16 is suggestive of a unique, likely immune-mediated, susceptibility to Neospora-associated myocarditis in the Mastiff. Neospora caninum should be considered an uncommon differential diagnosis for acute necrotizing myocarditis with myocardial infarct in the dog. 
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